The objective of this study was to evaluate the effect of the inclusion of canola and coconut oils to diets of European quail (Coturnix coturnix) over performance and carcass yield. One hundred and ninety-two quail (eight-days old) were randomly allocated to four dietary treatments with six replicates of eight birds each. The treatments were arranged in a factorial 2×2 scheme with two sources of dietary oil containing two levels of canola and coconut oils (1 and 2%). For performance variables, the final weight was evaluated, and the carcass variables were feed intake, weight gain, and feed conversion. A significant difference was observed between treatments for feed intake, with the inclusion of 2% canola oil providing higher intake. There was also significant effect for carcass characteristics on weight at fasting, eviscerated carcass, liver and gizzard weights, as well as liver, heart, and gizzard yields. The inclusion of vegetable oil such as canola and coconut oils in diets for European quail at the levels of 1 and 2% can be performed with no negative effect on performance from 8 to 42 days of age. How to cite: Veras, A. G.; Souza, J. G.; Teixeira, E. N. M.; Moreira, J. A.; Marinho, A. L.; Diógenes, G. V.; Ferreira, L. H. G. and Chemane, I. A 2019. Canola and coconut oils in the feed of European quails (Coturnix coturnix). Revista Brasileira de Zootecnia 48:e20180123.
Introduction
Brazilian quail breeding is becoming ever more prominent in the aspects of rearing and nutrition, transitioning from a family activity to a commercial-scale production. Advances in production technological innovations, especially in feeding programs, ensure that nutritional requirements are met, leading to good performance (Muniz et al., 2015) .
Data from the IBGE (2017) indicated that Brazilian quail production presented an effective 15.5 million quail, an increase of 12.1%. The southeastern region is the most productive (62.5%), with the state of São Paulo leading the production with 28.5% of the national total. According to Silva et al. (2012) , Brazil occupies the rank of fifth largest worldwide producer of quail meat and the second in egg production, with constant growth in the many regions of the country, with increasing automated production and new forms of commercializing the product, be it egg or carcass.
Concerning productive efficiency, there are many reasons for the use of lipid sources in animal feeds. Among these are the improvement of palatability, decrease in dustiness and waste of feed, decrease in feed passage rate through the gastrointestinal tract, and low caloric increment of this source of energy, in addition to providing essential fatty acids and liposoluble vitamins (NRC, 1994; Lara et al., 2005) . Mahgoub et al. (2019) mentioned that medicinal plants and their bioactive elements have been important for the growth of human, poultry, and livestock production related to human health care Abdelnour et al., 2018; Dhama et al., 2018) . Several studies have reported beneficial antimicrobial effects with utilization of plants with biostimulating properties that act as growth promoters, which could be used as substitutes for antibiotics Tiwari et al., 2018) .
The use of essential oils obtained by cold pressing, such as coconut oil and oils with functional activity such as canola oil, can provide enrichment of quail carcass, as they act as growth promoters (Dabbou et al., 2016) .
Dietetic manipulations of bird feed have been used to improve the nutritional quality of the final product (meat and egg), since the availability of fatty acids is related to the reduction of blood pressure and lowdensity lipoprotein (LDL) cholesterol levels, which are related to the predisposition of cardiovascular diseases in humans, thus promoting healthier food, acceptable to the palate and demands of the consumer market (Carvalho et al., 2009) .
In this context, the objective was to evaluate the performance and carcass yield of European quail, from 8 to 42 days of age, fed diets enriched with canola and coconut oils.
Material and Methods
The experiment was conducted in the Municipality of Macaíba, Rio Grande do Norte, Brazil (5°53' S, 35°23' W, and average altitude of 40 m). All experimental protocols and procedures were approved by the Ethics Committee in Animal Experimentation (CEUA), case no. 018.016/2017. One hundred and ninety-two quails (eight-days old) were randomly allocated to four dietary treatments with six replicates of eight birds each using a completely randomized design in a 2×2 factorial arrangement, with two sources of dietary oil containing two levels of canola and coconut oils (1 and 2%). The birds were distributed into 24 boxes with dimensions of 1.0×1.5 m, with floor covered with shavings, containing pendular drinker fountains and tubular feeding troughs. A continuous illumination program was adopted (natural + artificial light), and water and feed were provided ad libitum during the entire experimentation period (35 days).
The experimental treatments consisted of four different diets, with two levels (1 and 2%) of vegetable oils (canola and coconut), and formulated rations were isocaloric and isoproteic, according to the nutritional demands advocated by Silva and Costa (2009) for 8 to 21 (Table 1 ) and 22 to 42 days old ( Table 2 ).
The following parameters were evaluated: final weight (g), weight gain (g), feed intake (g), and feed conversion (g g −1 ). Feed intake was calculated using the difference between the amount of feed offered and leftovers. Weight gain was determined by the relation of the weights of birds from each plot divided by the number of birds of each experimental unit. With the data of feed intake and weight gain, it was possible to calculate feed conversion using the relation of these values. All weightings were performed weekly using a digital scale.
For carcass evaluation, the absolute (g) and relative (%) carcass weights, and the weights of the noble cuts (chest and leg quarter) and edible viscera (liver, gizzard, and heart) were evaluated. At the end of the experimental period, two birds per plot were selected according to their average weight (265.6 g), being separately weighted and subjected to feed fasting for 8 h before slaughter.
Slaughter was conducted by cervical dislocation with subsequent sangria, scalding, defeathering, and evisceration. Posteriorly, the carcasses were weighted to obtain carcass weight and calculate carcass yield. The edible viscera (liver, heart, and gizzard) and cuts (chest and leg quarter) were separated and weighted on a digital scale.
After weighing the carcasses, the relative weight (%) was calculated in relation to live weight after fasting, using the following formula: Carcass yield (%) = (eviscerated carcass × 100/live weight).
The percentage yield of cuts and edible viscera was performed in function of the weight of the eviscerated carcass, using the formula: cut or viscera yield (%) = (cut or viscera weight/carcass weight × 100) (Carolino et al., 2014) . Veras et al. 3 The economic feasibility of using oil in the feed of meat quail was determined according to Bellaver et al. (1985) , in which: The calculations of Economic Efficiency Index (EEI) and average cost index (CI) were performed according to Barbosa et al. (1992) , using the following equations:
in which MCe is the lowest average cost of feed per kilogram of gained live weight, observed between treatments; and CTei is the average cost of treatment i.
The prices of ingredients (expressed in R$/kilogram) used to calculate feed costs were collected in the region of Natal, Rio Grande do Norte, Brazil.
The model used for this project was:
in which Yijk is the observed value of treatment with canola oil (A), coconut oil treatment (B), within block (k); μ is the population mean for the variable; Ai is the effect of the input level of canola oil; Bj is the effect of the input level of coconut oil; (AB) is the effect of the interaction between oil type and inclusion levels; yk is the block effect k; and eijk is the random error associated with ijk treatments. The analysis of variance was performed using GLM software of SAS software (Statistical Analysis System, version 9.0), considered significant at 5% (F test) (P<0.05), and means were compared by the Tukey test at the 5% probability level.
Results
Among the evaluated performance parameters, there were no significant effects for final weight (P>0.05) and weight gain (P>0.05); however, there was interaction (P<0.05) of weight gain with the use of 2% canola oil in the diet (Table 3) .
There was no significant difference (P>0.05) for feed conversion, and there was also no interaction (P>0.05) between treatments. Regarding feed intake, a significant effect (P<0.05) was observed among the diets, in which the inclusion of 2% canola oil provided higher feed intake compared with the other treatments, differing from the inclusion of 1% canola oil and 2% coconut oil; furthermore, there was interaction (P<0.05) between the sources of oil within the tested levels, in which birds that received treatment with canola oil consumed more feed than those that received coconut oil.
The evaluations conducted regarding chest, leg quarter, and heart weight presented no significant difference (P>0.05) among the evaluated treatments, as occurred for carcass, chest, and leg quarter yield (Table 4) .
Regarding carcass characteristics, a significant effect (P<0.05) was observed with the addition of two sources of oil in the diet of quail on weight in fasting and weight of eviscerated carcass. Birds fed diets Canola and coconut oils in the feed of European quails (Coturnix coturnix) Veras et al. 5 with a higher level of oil inclusion (2%) presented greater weight in fasting and greater eviscerated carcass weight (Table 4) .
Higher weight (P<0.05) of liver and gizzard were found in birds fed diets with 2% canola oil. This also occurred for the yield of heart and gizzard, for birds provided with feed containing 1% coconut oil, and liver, for birds receiving feed with 2% canola oil, all presenting greater yields. There was no interaction between the sources of oil used within the studied levels (P>0.05) for any of the analyzed variables.
For gizzard yield, there was difference (P<0.05) among treatments, with lower values observed for treatments with canola oil, with decrease in gizzard yield insofar as the level of oil inclusion increased.
The analysis of the economic feasibility demonstrated a difference (P<0.05) among all analyzed variables of the treatments (Table 5) . CV -coefficient of variation.
Means followed by different letters in the same row statistically differ by Tukey's test at the 5% significance level.
Discussion
The interaction between type and levels of oil on weight gain is related to the significant increase in feed intake due to the increase of oil levels included in the rations. This result is related to the improvement in the quality of rations, since the energy level does not vary between the rations, or to the palatability of the ration that may have interfered in the intake and influenced the weight gain. Corroborating these results, Raber et al. (2008) also observed an increase in the weight gain of broilers fed diets with degummed soybean oil compared with refined soybean oil, which should be an indication that the refined soybean oil has a lower energy value than the degummed soybean oil.
Abd performed an experiment using coconut and rosemary oils and the mixture between them and observed that supplementing meat quail diets with 0.75 g kg −1 of the oil mixture slightly decreased daily weight gain and that the 1.5 g kg −1 level improved weight gain by 5.27 and 3.85% in the period from three to six weeks of age and in the total period (one to six weeks of age), respectively, when compared with the control group. Mahgoub et al. (2019) observed that birds fed diets supplemented with rosemary oil consumed more feed than those fed the control diet and justified that herb and rosemary extracts have an attractive odor that makes the feed tastier, which may have influenced the increase of feed intake. In addition, Abd reported that feed intake was directly correlated with the oil level in the diet and can be attributed to the increased palatability of these medicinal herbs.
The results of feed conversion in the present study corroborate the findings of Pita et al. (2006) , who also found nonsignificant difference in feed conversion when layers were fed diets containing two levels (3 and 4%) of canola oil. Pinto et al. (2014) , evaluating oil sources (soybean, flaxseed, and sardine) and their importance in the performance and immunity of broiler chickens from 1 to 21, 1 to 35, and 1 to 42 days of age, reported that the type of oil added to feed had no influence on performance variables such as weight gain and final weight for any of the tested periods. For feed conversion until 21 and 42 days of age, the authors indicated an increase of this variable when birds were fed diets supplemented with 4% more of soybean oil. The authors reported that this may have occurred due to the increase in the energy of the feed, influencing a direct response to its conversion for performance.
The increased intake in function of oil levels was possibly related to the increase in palatability of the feed due to the higher oil level, since the amount of energy offered was the same for all treatments.
Distinctly from the results of this work, Costa et al. (2008) , when evaluating the performance and quality of eggs of semi-heavy hens fed diets containing soybean and canola oils in the levels of 0, 1, 2, and 3%, verified no significant effect of the type of oil on feed intake. Mahgoub et al. (2019) , evaluating the use of rosemary oil on intestinal health and performance of Japanese quail, observed improvement in feed conversion of animals fed rosemary oil and reported that extracts derived from medicinal plants tend to increase the secretion of digestive enzymes and, consequently, improve the digestibility of different nutrients, which justifies the improvement observed in feed conversion of growing quail fed diets supplemented with rosemary oil. According to reports in the literature (Jang et al., 2004; Jamroz et al., 2006) , essential oils can improve the secretion of amylase and trypsin and can decrease the binding of pathogens such as E. coli to the intestinal wall.
The lack of difference among treatments for carcass, chest, and leg quarter yield may be due to the relation of these variables to genetic factors and, probably, due to the proximity of the oil level used.
The organs evaluated participate, direct or indirectly, in lipid metabolism, and are required in function of the type of oil used and level of inclusion in the feed, presenting increase in weight and yield, which is interesting from the economic perspective, given the possibility for commercialization.
These results related to weight and yield of the liver may be attributed to the size of the lipid chain, since long-chain fatty acids require a longer time for digestion than short-chain fatty acids, which are 7 more susceptible to absorption, as unsaturated fatty acids are better absorbed than saturated fatty acids, justifying the increase in liver weight and yield (Gonzáles and Silva, 1999) .
For the diets with coconut oil, the animals presented higher gizzard yield, even with the tendency to decreasing the yield with the increase in oil inclusion levels. The reduction in gizzard yield that occurred with the increase in oil inclusion level is probably directly related to the increase in liver yield, since for participating in the metabolic process of lipid digestion, the liver is more required than the gizzard. Bavaresco et al. (2014) evaluated the effect of the inclusion of canola bran and oil in the diet of double aptitude quail on weight of cuts and edible viscera, observing a significant difference for the variables heart weight and yield for the feed presenting canola and soybean oil. For the remaining variables, such as carcass weight, chest weight, liver weight and yield, and gizzard weight and yield, the use of canola bran (25%) and canola oil presented no effect.
Mahgoub et al. (2019) observed a significant difference in all carcass characteristics of the animals fed diet with rosemary oil. The authors observed an increase in the percentage of gizzard fat and better carcass and liver weight with the use of 1 and 2 mL/kg of rosemary oil treatment compared with the control diet. Abd reported that supplementing quail diet with 1.5 g oil/kg diet mixture, including rosemary oil, represented a 3.72% increase in carcass yield compared with the control diet.
Regarding the economic viability of the feed used in this experiment, the lowest cost, the best cost index, and the highest economic efficiency were obtained using the treatment with 1% coconut oil, which, despite having a relatively high price and being superior to the canola oil, provided better performance to the animals, thus presenting better efficiency in feed usage.
The average cost of feed with the other treatments (1 and 2% canola and 2% coconut oils) had a negative impact on the economic efficiency index, both due to the percentage of ingredients included in the feed (mainly corn and soybean) and the animal performance parameters, mainly weight gain, which were lower than those of animals fed feed containing 1% coconut oil.
When evaluating the use of organic acid, essential oils, and symbiotic in the feeding of semidried hens, Vasconcelos et al. (2016) also reported differences in the cost of the rations used, in which the lowest cost was obtained with the control treatment and the highest with the treatment that used organic acids (sorbic, fumaric, malic, citric acid) associated with the essential oils (eugenol, thyme, and vanillin). The authors justified the differences found as a result of the variation in feed intake of the animals.
In a study using crude glycerin for meat quails of 1 to 14 and 15 to 35 days of age, Pasquetti et al. (2014) observed that the feed without crude glycerin had the worst cost indices and economic efficiency indices in both periods. The authors reported that these data are important, since by also considering the animal growth, the use of crude glycerin proved to be a good source of energy, besides being economically viable.
Conclusions
The addition of canola and coconut oils at 1% to diets of European quail can be used without negative effects on performance or carcass parameters to promote improvements in weight gain of 8 to 42-day-old quail and present better economic indexes in production.
